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Abstract

Background: Much controversy exists regarding the clinical efficacy of behavioural and developmental interventions for
improving the core symptoms of autism spectrum disorders (ASD). We conducted a systematic review to summarize the
evidence on the effectiveness of behavioural and developmental interventions for ASD.

Methods and Findings: Comprehensive searches were conducted in 22 electronic databases through May 2007. Further
information was obtained through hand searching journals, searching reference lists, databases of theses and dissertations,
and contacting experts in the field. Experimental and observational analytic studies were included if they were written in
English and reported the efficacy of any behavioural or developmental intervention for individuals with ASD. Two
independent reviewers made the final study selection, extracted data, and reached consensus on study quality. Results were
summarized descriptively and, where possible, meta-analyses of the study results were conducted. One-hundred-and-one
studies at predominantly high risk of bias that reported inconsistent results across various interventions were included in
the review. Meta-analyses of three controlled clinical trials showed that Lovaas treatment was superior to special education
on measures of adaptive behaviour, communication and interaction, comprehensive language, daily living skills, expressive
language, overall intellectual functioning and socialization. High-intensity Lovaas was superior to low-intensity Lovaas on
measures of intellectual functioning in two retrospective cohort studies. Pooling the results of two randomized controlled
trials favoured developmental approaches based on initiative interaction compared to contingency interaction in the
amount of time spent in stereotyped behaviours and distal social behaviour, but the effect sizes were not clinically
significant. No statistically significant differences were found for: Lovaas versus special education for non-verbal intellectual
functioning; Lovaas versus Developmental Individual-difference relationship-based intervention for communication skills;
computer assisted instruction versus no treatment for facial expression recognition; and TEACCH versus standard care for
imitation skills and eye-hand integration.

Conclusions: While this review suggests that Lovaas may improve some core symptoms of ASD compared to special
education, these findings are based on pooling of a few, methodologically weak studies with few participants and relatively
short-term follow-up. As no definitive behavioural or developmental intervention improves all symptoms for all individuals
with ASD, it is recommended that clinical management be guided by individual needs and availability of resources.
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Introduction

Autism spectrum disorders (ASD) are neurodevelopmental

disorders characterized by a triad of deficits involving communi-

cation, reciprocal social interaction, and restricted and repetitive

patterns of behaviour, interests and activities [1]. In addition to

these core features, a range of other behaviour problems are

common, such as anxiety, depression, sleeping and eating

disturbances, attention issues, temper tantrums, and aggression

or self-injury [2]. Autism is classified within a clinical spectrum of

disorders known as pervasive developmental disorders, as defined

in the Diagnostic and Statistical Manual of Mental Disorders and

the International Statistical Classification of Diseases and Related

Health Problems. The spectrum includes conditions such as

Autistic Disorder, Asperger’s syndrome, Atypical Autism, and

Pervasive Developmental Disorder Not Otherwise Specified [3].

In clinical practice, professionals may use different terms

interchangeably to refer to children with similar presentations.

While there are no definitive medical tests to indicate the presence

of any form of ASD, diagnosis can be made by three years of age

based on the presence or absence of specific behaviours that are

used as diagnostic criteria. Prevalence estimates indicate that

between 10 and 15 of every 10,000 children are autistic [1,4] but

possibly greater than 20 of every 10,000 children have dysfunction
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which warrants diagnosis at any point along the spectrum [5,6].

Common comorbidities include mental retardation (Intelligence

quotient (IQ) ,70) and epilepsy, which are associated with 70%

and 25% of autism cases, respectively [7,8]. While no known cure

for ASD exists, the general agreement is that early diagnosis

followed by appropriate treatment can improve outcomes in later

years for most individuals [9]. Consequently, the question of how

various interventions may help to increase the individual’s ability

to function is highly relevant to families, health professionals, and

policy makers.

Over the past 20 years, a variety of therapies have been

proposed to improve the symptoms associated with ASD. Current

treatments include pharmacological therapies and various com-

plementary therapies including diet modifications, vitamin thera-

py, occupational therapy, speech and language therapy and

behavioural and developmental approaches [10]. Interventions

that fall within the continuum of behavioural and developmental

interventions have become the predominant treatment approach

for promoting social, adaptive and behavioural function in

children with ASD based on efficacy demonstrated in empirical

studies. These interventions may be viewed in terms of their

position on a continuum from highly structured discrete trial

training behavioural approaches guided by a therapist, to social

pragmatic approaches where teaching follows the child’s interests

and is embedded in daily activities in a natural environment.

While therapy may be provided for up to 40 hours per week,

controversy exists regarding the intensity required to achieve

positive outcomes and the efficacy of one approach compared to

another. An umbrella review of systematic reviews of behavioural

and developmental interventions for ASD [11] has found that

most systematic reviews have methodological weaknesses which

make them vulnerable to bias and compromise their validity.

There is evidence of positive outcomes for many of the

interventions examined in systematic reviews of ASD and

therefore, there is a need for further systematic reviews on the

effectiveness of behavioural and developmental interventions for

ASD which adhere to strict scientific methods.

Clinicians, educators and families of individuals with ASD need

to make informed decisions regarding treatment options and

therefore, a host of clinical and research questions regarding the

benefits of these interventions still need to be clarified and

addressed. Considering the importance of, and demand for,

behavioural interventions for ASD, as well as the current rising

trend in new programs, a rigorous synthesis of high quality

evidence regarding the effect of a continuum of behavioural and

developmental interventions for ASD will provide much needed

information for health care professionals, policy makers, research-

ers, and families. This systematic review was conducted in order to

identify, appraise, and synthesize the evidence on the effects of a

continuum of behavioural and developmental interventions for

improving core symptoms associated with ASD.

Methods

Search Strategy
The systematic review followed a prospective protocol that was

developed a priori. Peer-reviewed comprehensive searches were

conducted up to May 2007 in 22 psychological, educational and

biomedical electronic databases for commercially published

literature, as well as dissertations, and conference abstracts (e.g.,

MEDLINEH, EMBASE, ERIC, CINAHLH, Cochrane Central

Register of Controlled Trials, ProQuest Dissertations and Theses,

PsycINFOH, BIOSIS PreviewsH, and Web of ScienceH). We

identified additional studies by contacting experts in the field and

by searching reference lists of primary studies, review articles, and

textbook chapters. Details of the complete search strategies are

available in Supplement S1.

Study Selection
Studies were included if they were: randomized controlled trials

(RCTs), controlled clinical trials (CCTs) or observational analyt-

ical studies (i.e., prospective or retrospective cohort studies with

comparison groups); published in English; and reported data on

the effects of a behavioural or developmental intervention in

individuals with ASD. Individuals with Rett’s disorder or

Childhood Disintegrative Disorder were not considered for this

review as they do not conventionally fall within ASD due to their

significantly different clinical course. Studies involving participants

with dual diagnoses (i.e., any ASD plus attention deficit/

hyperactivity disorder, obsessive compulsive disorder, or learning

problems) were also considered for inclusion. The primary

outcome of interest was the change in core features of ASD (i.e.,

communication, reciprocal social interaction, and restricted and

repetitive patterns of behaviour, interests and activities) as

indicated in the Diagnostic and Statistical Manual of Mental

Disorders criteria [1]. Other outcomes that were examined

included changes in non-core behaviours, developmental changes,

cognitive changes, adaptive behaviours, challenging behaviours,

play skills, educational performance, and family-related outcomes.

One reviewer screened titles and abstracts of potentially relevant

studies. Inclusion criteria were applied independently by at least

two reviewers. The primary reason for exclusion of articles was

documented. A complete list of excluded studies and reasons for

exclusion are available in Supplement S2.

Quality Assessment and Data Abstraction
Two reviewers independently assessed the methodological

quality of the studies. Disagreements were resolved by consensus.

We assessed the methodological quality of the studies with two

pre-tested checklists (one for clinical trials and the other for

observational studies) that included items from other published

scales and checklists [12–18]; these items address specific aspects of

design, execution, and analysis of the studies. The trials checklist

included questions related to bias reduction such as allocation

concealment [19,20], randomization, blinding (subject, provider,

and outcome assessor blinding), and description of dropouts and

withdrawals [21,22]. Other variables that were evaluated included

description of selection criteria, therapeutic regimens, intervention

providers, and treatment fidelity. The checklist for the observa-

tional studies included items that evaluated the methods of

selection of exposed and non-exposed cohorts, ascertainment of

outcome and exposure, and how the study handled confounders in

the design or analysis. Finally, information regarding the source of

funding was collected [23]. Information regarding the study design

and methods, the characteristics of participants, interventions,

comparison groups, and outcomes of interest were extracted using

a pre-tested data extraction form. One reviewer extracted the data

using a pre-tested form, and a second reviewer verified the

accuracy and completeness of the data. Discrepancies in data

extraction were resolved by consensus between the data extractor

and the data verifier. Interventions were categorized based on a

classification scheme previously described by other researchers in

this field [24].

Analysis and Presentation of Results
There is considerable overlap between and across various

models to classify and describe interventions that fall within the

continuum of behavioural and developmental interventions for
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ASD [25,26]. Due to the absence of a unique classification system,

an intervention taxonomy system was developed for the purposes

of the review in order to categorize the interventions for the

analysis. Each study that met the selection criteria was reviewed

and classified according to the continuum of behavioural and

developmental interventions described in the scientific literature.

The coding categories were based, in part, on a classification

scheme previously described by other researchers in this field [24].

Additional categories were added after consultation with a panel of

experts. Two independent researchers coded each study. Coding

was discussed between researchers on a study-by-study basis and

discrepancies were resolved by consensus.

Results were summarized descriptively. Evidence tables were

used to report information on study design, study population,

treatment groups, outcomes, and results. Due to the limited

number of interventions and outcomes available for meta-analysis,

we attempted to identify patterns across individual study results.

Where studies within an intervention category produced inconsis-

tent results and conclusions, we examined the following variables

to shed light on reasons for the discrepant findings: study design,

length of follow-up, sample size, population characteristics (age,

diagnosis), comparison, and outcomes.

We conducted a meta-analysis when two or more trials assessed

the same intervention, used similar comparison groups, and had

data for common outcomes of interest. If the same measure was

reported, we used weighted mean differences (WMD) and 95%

confidence intervals (95% CI); otherwise, we used standardised

mean differences (SMD) and 95% CI. Hedges adjusted g was used

as the standard deviation estimate for the SMD [27]. A SMD of

0.2 indicated a small effect, 0.5 a medium effect and 0.8 a large

effect size [28]. Random effect models were used throughout to

combine study results. If means or standard deviations were not

reported, they were imputed from other information reported in

the study. Heterogeneity was investigated using the chi-square test

[29] and quantified with the I2 statistic [30]. Heterogeneity was

characterized as small (I2 less than 25 percent), moderate (I2

between 26 and 74 percent) and high (75 percent and above) [30].

Sources of heterogeneity were explored qualitatively.

All the meta-analyses used endpoint data or change from

baseline to endpoint data instead of using the average of separate

mean changes calculated at different intervals of time. All analyses

were performed using SAS/STATH software version 9.1 (SAS

Institute Inc., Cary, NC), Statistical Package for the Social

SciencesH for WindowsH (SPSSH version 14.1, SPSS Inc.,

Chicago, IL), and RevMan version 4.1 (Cochrane Collaboration,

Oxford, UK). A P-value of less than 0.05 was considered

statistically significant. A 5-point change from baseline to endpoint

was considered a clinically meaningful change [31].

Results

One hundred and one unique studies were included in the

review. There were 55 RCTs, [32–83], 32 controlled clinical trials

[84–115], four prospective cohort studies [116–119] and 10

retrospective cohort studies [120–129]. Figure 1 outlines the study

flow for the review.

Description of Studies
The studies evaluated the effect of eight broad types of

interventions for ASD: Applied Behaviour Analysis (ABA)

interventions, communication-focused interventions, contempo-

rary ABA, developmental approaches, environmental modification

programs, integrative programs, sensory motor interventions, and

social skills development interventions (Figure 2). The studies were

published between 1977 and 2007, with 2002 as the median year

of publication. Data from a total of 2566 participants (median

sample size = 22 per study; interquartile range: 15 to 36; n = 99)

were reported in the studies. The median chronological age of

participants in the studies was 62 months (interquartile range: 42

to 105 months; n = 84). Seventy-six percent of the studies included

populations of infants or toddlers (less than 6 years of age), 44 per

cent included school age children (6 to 12 years of age), 25 percent

included adolescents (13 to 18 years of age), and only 11 percent

included adults (older than 18 years of age). Studies included

participants with conditions described as autistic disorder (93

percent), progressive developmental disorder (23 percent), Asper-

ger’s syndrome (14 percent), high-functioning autism (5 percent),

atypical autism (2 percent), not yet diagnosed autism (1 percent),

and other (3 percent) such as autistic savant, or autistic-like

conditions. The majority of the studies (67 percent) did not report

on the level of severity of autistic symptoms in the study

population. Participants with severe symptoms of ASD were

included in 20 percent of the studies, whereas 19 percent included

participants with moderate symptoms. Those with mild symptoms

were not frequently included in the studies (15 percent).

Summaries of the study characteristics and details of individual

findings are presented in Table 1.

Quality of Studies
Details on the methodological quality of the studies are presented

in Table 2 and Table 3. Briefly, the majority of trials (83 percent)

failed to mention how representative the sample was in terms of the

study setting, the selection criteria for enrolling participants, and the

operational definition of ASD. A minority of studies (32 percent)

reported on monitoring the fidelity of intervention implementation.

Although more than half of the trials (64 percent) reported the use of

randomization, few trials (seven trials) reported the procedure for

separating the process of randomization from the recruitment of

participants. The majority of trials (89 percent) failed to clearly report

how they concealed the sequence of allocation to the interventions

under study. Less than half of the studies (43 percent) reported that

blind or independent outcome assessment was conducted. In terms of

attrition bias, 33 percent of the trials provided a description of

withdrawals and dropouts from the study. Finally, just over half of the

trials (54 percent) reported their sources of funding. Thirty-two

percent were funded by government agencies, 22 percent received

funding from foundations or societies, 19 percent used internal funds,

and five percent were funded by private industry.

Overall, the methodological quality of the 14 cohort studies was

modest. In general, the cohort studies failed to protect against

selection bias: only three studies clearly mentioned how represen-

tative the overall sample was in terms of the study setting, the

description of the selection criteria, and the operational definition

of ASD used for the study. The control for detection bias affecting

the ascertainment of both exposure and outcome was moderate in

the cohort studies. None of the studies used secure methods for

ascertainment of exposure. The majority of the studies provided

evidence on the reliability of methods for outcome assessment;

however, only half of the studies explicitly stated that outcome

assessment was blind to exposure status. Finally, only four

observational studies disclosed their source of funding. The

methodological strengths and weaknesses of individual studies,

presented in Table 2 and Table 3, should be taken into

consideration when interpreting the study results and conclusions.

Summary of Findings
Applied Behaviour Analysis. Evidence from 31 studies (12

trials and 9 cohort studies) involving a total of 770 participants was

Review: Autism Interventions
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analyzed on the use of discrete trial training and Lovaas therapy

for ASD. The effects of discrete trial learning are inconsistent

across studies. All the studies that compared discrete trial training

to no treatment reported statistically significant findings

[95,118,129]. Motor and functional outcomes more often

demonstrated positive results compared to speech-related

outcomes which were generally negative. All cohort studies

demonstrated significant results [118,124,129]. Lovaas therapy

was consistently found superior to standard care [99,122] or

regular instruction [94,127] in terms of intellectual functioning,

language comprehension, and communication skills. Generally,

high-intensity Lovaas was found to be superior to low-intensity

Lovaas in terms of intellectual functioning, communication skills,

adaptive behaviour and overall pathology [71,99,125,128]. The

results for Lovaas therapy compared to special education showed

variable results at the individual study level and seemed to indicate

more effect for the medium-term (12 and 14 months, respectively)

[90,94] which was not apparent within the longer-term studies (3

and 9 years, respectively) [88,120]. No significant differences were

found within studies comparing Lovaas to Developmental

Individual-difference relationship-based intervention (DIR) [53]

or Integrative/Discrete trial combined with Treatment and

Education of Autistic and related Communication Handicapped

Children (TEACCH) [123]. Seven of the eight studies that

reported significant findings for Lovaas therapy were non-RCTs

[90,94,99,122,125,127,128]. Three of the four RCTs in this

Figure 1. Study Flow Chart.
doi:10.1371/journal.pone.0003755.g001
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category reported no significant findings [53a,53b,66]. This

observation has serious implications for the interpretation of

evidence from non-RCTs. There is some evidence that results of

RCTs and non-RCTs sometimes, but not always, differ,[130] and

that non-RCT can be more prone to bias and overestimate

treatment effects [131,132].

Communication-focused Interventions. Ten trials

involving 269 participants were identified that evaluated the

effects of communication-focused interventions. Positive effects

and statistically significant results were produced at the study level

for emotional recognition [49,69], close generalization tasks [49],

verbal IQ [49], attention [60] and motivation [60]; these studies

were all RCTs and had varied control groups including no

treatment, as well as active interventions. There is evidence from

three trials (2 RCT, 1 CCT) that sign language training provides

benefits in terms of communication-related outcomes, such as

Figure 2. Classification of the Behavioural and Developmental Continuum of Interventions for ASD Included in the Review.
doi:10.1371/journal.pone.0003755.g002
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articulation competence, oral language, nonverbal

communication, and child-initiated speech [67,82,104]. There is

also some suggestion that sign language training may be most

effective when combined with other modalities [82]. One CCT of

Picture Exchange Communication System versus regular

instruction showed a significant increase in communication

initiations and dyadic interactions [133].

Contemporary ABA. Evidence on the effects of

contemporary ABA was identified from 12 studies (11 trials and

one cohort study) with a total of 573 participants. At the individual

study level, significant improvements in the child’s behaviour

management, social skills, and parent’s mental health have been

reported following cognitive behaviour therapy [72,73,77]. There

is limited and inconclusive evidence for various combinations of

discrete trial training, incidental teaching, pivotal response

training, and milieu teaching [55,57,78,121], and some evidence

that pivotal response training may be beneficial for

communication and social interaction [58,63,113].

Developmental Interventions. Twelve studies (11 trials and

one cohort study) with a total of 256 participants were identified that

evaluated the effects of interventions involving the application of

developmental principles. Distinct modalities were evaluated within

this category (e.g., imitative interaction, milieu therapy, responsive

training, DIR, More than Words, and the Scottish Centre for

Autism Preschool Treatment program). The available evidence

appears to indicate no short-term differences between DIR and a no

treatment group in aggression, self-stimulating behaviour, and social

skills [134]. No evidence of effect was reported for the comparisons

between two incidental teaching-based approaches in social

interaction [89], two milieu-based approaches in communication

and play behaviour [119], and responsive training versus no

treatment in parents’ attitude toward ASD, children’s aggressive

problems, externalizing problems, and depressive or anxiety

symptoms [84]. Positive results were reported for the comparisons

between milieu therapy and no treatment in cognitive abilities and

course of ASD [101]; and for milieu therapy versus Picture

Exchange Communication System in communication and play

behaviour [81]. The comparison of More than Words to a wait-list

control showed positive results in facilitative strategies and

vocabulary size, however, no significant differences were observed

for social skills, behaviour, or parental stress or adaptation [103].

Response training was superior to standard care in quality of

reciprocal social communication and expressive language [32].

Finally, one small trial evaluated the Scottish Centre program versus

a wait-list control and demonstrated positive results in joint

attention, social interaction, imitation, daily living skills, motor

skills, and adaptive behaviour [111].

Environmental Modification. One cohort study involving

44 participants examined work placement versus waitlist [116].

This prospective cohort study reported positive results in terms of

significantly greater improvement in nonvocational outcomes and

cognitive performance.

Integrative Programs. Evidence on the effects of a variety of

integrative programs was obtained from 14 studies (13 trials and

one cohort study) containing a total of 382 participants.

Interventions in this category included Lego therapy, social skills

program, and TEACCH. Lego therapy was evaluated in one large

retrospective cohort study, and produced significant improvements

in terms of social skills and autistic symptoms [126]. Six studies

evaluating social skills programs produced inconsistent findings;

there were no identifiable patterns in the outcomes examined

[56,59,75,98,106,108]. Individual studies that evaluated

TEACCH consistently reported significant findings for a variety

of outcomes, including but not limited to fine motor and gross

motor skills, cognitive performance, social adaptive functioning,

and communication [105,107,114,115].

Sensory Motor Interventions. Fifteen studies (14 trials and

one cohort study) were identified that evaluated the effects of

interventions that involved the application of sensory motor

principles, involving a total of 156 participants. Several modalities

were evaluated within this category: auditory integration training,

exercise, restricted environmental stimulation therapy, and sensory

integration. Six studies of sensory integration versus no treatment

groups reported statistically significant results for stereotypic

behaviours, off-task behaviours, and touch aversion

[43,44,47,54,100,117], but it is not known how sensory

integration compares to other active interventions. The results for

communication-related outcomes are contradictory, and no effect

was reported for intellectual functioning. Two relatively large

studies on creative dance [92] and horse riding [102], respectively,

demonstrated significant social gains. Studies on the effects of

restricted environmental stimulation therapy provided inconclusive

evidence [51,76]. No studies evaluated effects over the long-term;

therefore the sustainability of these changes is unknown.

Social Skills Development Intervention. Six trials,

containing a total of 135 participants, provided evidence on the

effects of social skills development interventions, all of which

evaluated the effects of Social StoriesTM in ASD. Five of the six

studies showed statistically significant results for a variety of

outcomes related to social interaction at short-term (e.g., 1 day to 6

weeks) [34,35,46,64,110]. There were no studies comparing Social

StoriesTM to other active treatments.

Meta-analyses
A limited number of meta-analyses were feasible due to

variations among the studies in the type of interventions assessed,

the comparison groups, and the outcomes of interest. Of the 101

studies included in the review, 13 studies (six RCTs, five CCTs

and two observational studies) contributed data to the meta-

analysis. Table 4 summarizes the comparisons and outcomes that

were suitable for meta-analysis. In a meta-analysis of three CCTs

[38,124,127] involving 112 participants, statistically significant

results were obtained for Lovaas treatment compared to special

education on measures of adaptive behaviour (WMD = 11.8; 95%

CI, 6.94 to 16.67), communication and interaction

(WMD = 16.63; 95% CI, 11.25 to 22.01), comprehensive language

(WMD = 12.84; 95% CI, 6.38 to 19.30), daily living skills

(WMD = 5.61; 95% CI, 0.54 to 10.67), expressive language

(WMD = 15.05; 95% CI, 6.19 to 23.90), overall intellectual

functioning (SMD = 0.95; 95% CI, 0.44 to 1.46), and socialization

(WMD = 9.17; 95% CI, 2.16 to 16.19). High-intensity Lovaas was

shown to be superior to Low-intensity Lovaas on measures of

intellectual functioning in two retrospective cohort studies with a

total of 173 participants (SMD = 0.92; 95% CI, 0.61 to 1.24)

[40,111]. Pooling of two RCTs [18,135] including 40 participants

yielded statistically significant results for developmental approach-

es based on initiative interaction compared to contingency

interaction in the amount of time spent in stereotyped behaviours

(WMD = 20.40; 95% CI, 20.73 to 20.07), and the amount of

time spent in distal social behaviour (WMD = 2.85; 95% CI, 0.99

to 4.71), but the effect sizes were not clinically significant.

Statistically non-significant results were obtained for the compar-

isons between Lovaas and special education in measures of non-

verbal intellectual functioning (three CCTs [38,124,127], N = 111

participants; SMD = 7.83; 95% CI, 22.86 to 18.52), Lovaas versus

DIR on measures of communication skills (two RCTs [29a,29b],

N = 18; SMD = 0.73; 95% CI, 20.26 to 1.72), computer assisted

instruction versus no treatment on measures of facial expression
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recognition (two RCTs [136,137], N = 48; SMD = 0.53; 95% CI,

20.05 to 1.12); and TEACCH versus standard care on measures

of imitation skills (two CCTs [57,121], N = 56; SMD of 0.46; 95%

CI, 20.07 to 0.99), and eye-hand integration (two CCT [57,121],

N = 56s; SMD = 20.24; 95% CI, 20.77 to 0.28).

Because of the very small number of trials available for each

comparison, the effect of publication bias on the meta-analyses

presented above was not analyzed.

Discussion

Our systematic review of the indexed scientific literature on the

effects of behavioural and developmental interventions for ASD

has demonstrated a lack of agreement across the studies on the

effect that these interventions may have on clinically relevant

outcomes. Despite evidence, there is no clear answer regarding the

most effective therapy to improve symptoms associated with ASD.

The interpretation and generalization of results summarized

from individual studies is complicated by a number of factors.

First, ASD is a complex diagnosis that represents a spectrum of

symptoms. The varied interventions may target different symp-

toms or the same symptoms to different extents. As a result,

practitioners and decision-makers may need to target their choice

of treatment to the uniqueness of each presenting child and the

symptoms that are most important for the well-being of each child

and their family. In interpreting the literature, the reader needs to

consider the findings in light of the study population and the

outcomes that were evaluated. There is considerable potential for

heterogeneity in the population, intervention, comparator and

outcomes of interest, as ASD is a spectrum disorder, therapy is not

always reported in detail, comparators are difficult to control for,

and outcomes are somewhat subjective. It should be noted that

controversy exists regarding the use of intellectual functioning as

an outcome, since higher IQ scores may represent true increases

or merely a better ability to take the test following the intervention

[138]. Second, the interventions themselves are complex and

multifaceted. Many of them have components that may be

implemented in different ways, different settings, and by different

people including both professionals and lay people. In some cases,

this prohibits generalizations regarding a specific intervention.

Third, consideration needs to be given to the comparison groups.

As a general finding, it appears that any intervention is better than

nothing. That is, most of individual studies showed benefits when

an active intervention was compared to no treatment or wait-list

controls. It has been reported that behavioural researchers

sometimes include a comparison group that monitors symptoms

for a period of time equivalent to the time required for the

intervention in the active group before beginning the treatment

[139]. Although this approach controls for certain non-specific

treatment effects such as regression to the mean, the situation may

create a negative expectation of improvement (i.e., no one expects

to improve while they wait for treatment) and therefore, artificially

inflate the difference between the active and the control (wait-list

or no treatment) groups. Therefore, results of studies that

compared active versus no treatment or wait-list controls should

be interpreted with caution. Fourth, variation in results may occur

due to different length of follow-up across studies. The length of

follow-up must be appropriate to the nature of the intervention

and its mechanism of action (i.e., how long an intervention is

required to begin to have an effect) and the outcomes being

measured (i.e., length of time to elicit change in a specific

outcome). Further, consideration needs to be made for whether

any observed changes are maintained over the longer-term.

Finally, the results need to be considered in light of the

methodological quality of the studies and their potential for bias

(i.e., under or overestimation of treatment effects). A particular

concern is related to the potential of outcome reporting bias in

these studies, in which statistically significant results have a higher

chance of being fully reported compared to non-significant results

[140]. Although the presence of selective outcome reporting was

not formally evaluated in our review, future evaluations of the

evidence on the effectiveness of behavioural and developmental

interventions should compare trial publications to protocols to

verify whether changes or omissions in selected outcomes were

introduced from registration to publication of the trial.

A few studies of modest methodological quality were available

for meta-analysis, mostly reporting non-significant results. Few

statistically significant results favoured Lovaas therapy and

developmental approaches based on initiative interaction. The

positive results from these meta-analyses need to be interpreted

with caution, since biases, such as expectancy bias, cannot be

excluded. It is unknown whether the non-significant results

obtained for computer assisted instruction, and TEACCH are

truly ‘‘negative findings’’ (i.e., evidence of no effect) or if there is a

lack of power to detect a statistically significant result due to the

low number of studies included in the meta-analyses (i.e., no

evidence of effect). Finally, we found that 54 percent of the studies

disclosed the source of funding, with most of the research being

sponsored by government agencies or scientific societies. Only five

percent of the studies declared private industry funding. There is

evidence that industry funding of biomedical research may bias

conclusions toward positive results for their products (sponsorship

bias) [141]; however, there is no evidence on whether sponsorship

bias extends beyond industry to other sources of funding.

Applied Behaviour Analysis
Evidence was analyzed on the use of discrete trial training and

Lovaas therapy for ASD. The evidence seems to provide some

support for discrete trial training in terms of motor and functional

skills but not for communication skills. Lovaas’ therapy showed

benefits when compared to ‘‘no treatment’’ and evidence from

meta-analysis of retrospective cohort studies showed greater effects

for High versus Low intensity Lovaas. Results from a meta-analysis

of CCTs demonstrated that Lovaas is superior to special education

for a variety of outcomes, however, there is no definitive evidence

suggesting superiority of Lovaas over other active interventions.

A previous review [142] concluded that overall, studies of

behaviour analytic early intervention programs report substantial

improvements, but the nature of improvements vary considerably

across studies. The authors also recognize the methodological

flaws in the earlier studies that preclude drawing definite

conclusions related to programming. Other reviews [143–148]

have also reported on the effects of early and intensive behavioural

interventions for ASD. They agree that the majority of recent

primary studies of reasonable quality document some improve-

ment associated with behavioural intervention, but it remains to be

determined if any one early and/or intensive intervention program

is more effective than another. Furthermore, there was insufficient

evidence to establish a relationship between the amount (per day

and total duration) of any form of treatment program to obtain

desirable outcomes. Replication in RCTs is needed to substantiate

the use of Lovaas intervention and to determine the effect of

treatment intensity on the outcomes of children with ASD.

Communication-focused Interventions
Individual studies reported positive effects in motivation, IQ

changes, and emotional recognition associated with communica-

tion-focused interventions; however the meta-analysis results were
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not statistically significant for the comparison between computer

assisted instruction and no treatment on measures of facial

expression recognition. Two previous reviews [149,150] have

examined the evidence from a variety of study designs of

interventions that enhance communicative competence of indi-

viduals with ASD, such as assistive technology, augmentative and

alternative communication methods. In keeping with these

reviews, we conclude that future research is needed to better

delineate the extent to which these interventions actually enhance

outcomes in individuals with ASD.

Contemporary ABA
The evidence supporting the use of contemporary ABA

approaches is variable and there is no evidence to suggest that

one approach is more effective than another. A previous meta-

analysis [151] that included a variety of study designs other than

RCTs, CCTs and observational cohort studies indicated that the

contemporary ABA approach produces greater gains in cognitive

skills than Lovaas or developmental approaches, but both

contemporary ABA and Lovaas methods were similarly effective

in fostering language and adaptive skills in this population. This

remains a question for future research to confirm as the

methodological difficulties with the primary studies have made it

difficult to be conclusive.

Developmental Interventions
Overall conclusions for developmental interventions are elusive

due to the varied nature of the modalities, discrepant results across

modalities, and limited evidence for each. Another review [151]

has reported that compared to Lovaas and Contemporary ABA

approaches, developmental interventions were found to be

ineffective in the cognitive development of the participants but

were effective in language development.

Environmental Modification
Only one study assessed the effectiveness of interventions

labelled under this category. General conclusions for this type of

intervention are prohibited due to limited evidence.

Integrative Programs
The evidence to support the use of these interventions is limited

or inconsistent across studies. Another review [142] found similar

results and emphasized the need to evaluate which components of

these multi-faceted interventions are responsible for changes in

clinically relevant outcomes.

Sensory Motor Interventions
The evidence is either limited or inconsistent for this group of

interventions to support their use in clinical practice. Interpreta-

tion of evidence for individual studies within this category needs to

be considered in light of the comparison group, the length of

follow-up, and the outcomes examined. One systematic review

[152] has evaluated the efficacy of sensory and motor interventions

for children with ASD. This review included a variety of study

designs such as descriptive case studies, single-subject designs, and

RCTs. The review concluded that many of the sensory and motor

intervention approaches have shown mixed effects at short term

for children with ASD through uncontrolled, descriptive studies.

Previous reviews that have evaluated the evidence for various types

of sensory and motor interventions have similarly reported mixed

clinical effects and have concluded that there is insufficient

evidence to support use of these interventions at present [11].

Social Skills Development Intervention
The limited evidence supports Social StoriesTM for short-term

improvement of social symptoms associated with ASD among

school-aged children. Past reviews have examined the effect of

Social StoriesTM [153,154] in children and young adults with ASD

[155]. The reviews conclude that the effects of Social StoriesTM

are highly variable, and empirical foundation regarding its

effectiveness is limited. However, the reviews agreed that

published research in Social StoriesTM has demonstrated positive

effects, and therefore provides preliminary support to consider it a

promising intervention.

Review Strengths and Limitations
A range of therapeutic approaches currently exists to help

alleviate the symptoms of ASD. Due to the lack of a unique

classification system to describe the variety of treatments for ASD,

an intervention taxonomy system based on previous studies and

experts’ opinion was developed for the purposes of the review. The

categories considered seem to be sensible, but it may not be possible

to find a framework that would mandate exactly this set. A potential

limitation of this approach is that the therapies examined were

pragmatically classified and other therapies such as music therapy,

drama therapy, and animal therapy could have been included if

other classification approaches had been used. Synthesis of the

evidence for other therapeutic approaches not evaluated in our

review are available in the scientific literature [156].

Our search strategy is likely to have identified the majority of

the available literature on the efficacy and effectiveness of

behavioural and developmental interventions for ASD. We

particularly targeted the indexed literature, yet we also searched

for theses and dissertations, which altogether represent almost one-

third of the studies included in this review. However, we

acknowledge the possibility that the review may not be fully

comprehensive, as we did not include additional grey literature

sources in our search strategy. It has been reported previously that

on average, published trials show a 9 percent greater treatment

effect than grey trials [157,158] and therefore, there is the

potential that our meta-analyses report an overestimate of the

treatment effect. Further, the search results were initially screened

by only one reviewer due to resource limitation. To date, there is

no empirical evidence that indicates what the impact of screening

by two, as opposed to one, reviewer has on selection bias; however,

use of two reviewers during the screening process may have

provided additional reassurance of the selection process.

We adopted a comprehensive strategy to appraise the

methodological quality of the included studies. Our approach to

quality focused mainly on an assessment of the internal validity of

the studies, as recommended by several researchers [22,159];

however, some aspects related to the external validity and

adherence to the interventions under study were also considered.

One of the limitations of this review is the restriction of included

studies to English-language publications. We did not include

foreign language literature because of the difficulties in translation.

Particularly, there is a wealth of Japanese literature available that

could prove very interesting. We do not know the magnitude of

bias that the exclusion of foreign literature may have produced in

the results of our meta-analysis [160,161]. An additional limitation

of our review is that studies were included regardless of whether

there is evidence to support the psychometric properties of their

outcome measures. Therefore, our analysis includes both instru-

ments which are well validated for measuring clinical change in

ASD (e.g., Wechsler Intelligence Scale for Children–Revised), as

well as those that are commonly used, yet whose psychometric
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properties have not been studied in the ASD populations (e.g.,

Reynell Developmental Language Scales) [90].

Clinical Relevance
The research reviewed in this examination of behavioural and

developmental treatments for ASD reveals that there are a number

of treatment programs, some comprehensive and others with a

specific behavioural focus, that have been developed to treat the

core symptoms of ASD. Across any one specific intervention

approach, the research is lacking scientific rigour, replications are

sparse, and outcomes are variable; however, there are some

implications for practice. First, it appears that most children with

ASD make at least some progress on desired outcomes during their

participation in intervention programs. Yet, the progress that

individuals make across these programs or treatment approaches

varies; some show remarkable progress while others show slow or

minimal gains. Further the sustainability of changes over time is

unknown. The source of this variation is uncertain given the

quality of the research to date. It is unclear how participant

characteristics interact with specific treatment programs or specific

components of programs. Thus, practitioners need to be mindful

to communicate these uncertainties to families seeking interven-

tion services. Second, when selecting a program, practitioners

need to select programs that have at least some evidence of

support, select programs that are manualized and ensure that

interventionists are able to maintain the level and quality of

implementation of the program. Manualized programs serve to

provide standardization of an intervention, yet uniformity must be

balanced with the need to individualize the intervention [14]. The

interventions themselves are complex and multifaceted. The

variation in the expression of the symptoms of ASD make

individualization necessary yet this presents problems for clearly

specifying and evaluating the essential components of any given

intervention. McMahon has recommended manuals with ‘‘con-

strained flexibility’’, where limited variation in the implementation

of an intervention is permitted [162]. It is important to highlight

that, although the evidence regarding the efficacy and effectiveness

of behavioural and developmental interventions for ASD is

currently limited, it does not mean that there is evidence of no

effect from the interventions. The findings of this review are

consistent with current clinical practice guidelines, which list

various treatment options and approaches, yet offer limited

guidance regarding choice of intervention [25,163,164]. However,

guidelines do provide some parameters regarding which compo-

nents constitute effective treatment programs, including: daily

opportunities to use and increase spontaneous communication,

engaging in meaningful learning activities that are functional in

multiple settings, ongoing monitoring progress and adjustment of

teaching practices to maximize progress, frequent interaction with

typical peers and involvement of family members [164]. Until

more reliable evidence is available, practitioners and decision-

makers may need to target their choice of treatment to the

uniqueness of each presenting child and the symptoms that are

most important for the well-being of each child and their family.

Future Research
Based on our review of the literature, there are several

recommendations for future research on interventions for

individuals with ASD. It is important that investigators make an

effort to clearly define and report the procedures for the

intervention under scrutiny. Researchers should consider the use

of standard care as a comparison group (i.e., the treatment that is

normally or optimally provided to people with a given condition).

In order to allow for comparisons across studies, researchers

should use standardized and validated outcome measures so that

reporting on the effect of the interventions in terms of changes in

core symptoms of ASD is more consistent. The impact of

behavioural and developmental interventions upon family out-

comes (e.g., functioning, quality of life, and finances) and their

possible negative effects should also be further explored.

Studies on the effectiveness of behavioural and developmental

interventions for ASD should continue to make improvements to

meet accepted methodological standards for clinical research

including: the use of randomization and allocation concealment,

the implementation of intervention protocols that capture a wide

range of skills and symptoms, blinded outcome assessment,

assessing treatment fidelity, and implementing longitudinal designs

with sufficient follow-up to evaluate treatment effects. One of the

limitations of the existing literature is the small samples within

individual studies. This limits generalizability and also raises

questions around the interpretation of negative findings: whether

such findings were due to inadequate sample size or true lack of

effectiveness of the intervention. Better reporting of how the

studies were planned, conducted and analyzed is required.

Established guidelines to this end, such as the Consolidated

Standards of Reporting Trials for reporting trials of behavioural

interventions and Strengthening the Reporting of Observational

Studies in Epidemiology guidelines, should be followed [165].

Programs can vary in terms of the degree of prescription versus

flexibility of the intended approach, the extent to which adult

control is necessary in fostering children’s development of social,

communicative and other abilities, the degree of social and natural

context of the intervention, the focus on adult versus child

centered procedures, the exposure to more natural interactions

and learning opportunities, the role of typical peers, and how the

major goals of treatment are prioritized. The success of any

approach will depend on the needs of the individual, which vary

greatly. Rigorous scientific evaluation of the evidence is necessary

to estimate the likely benefits of any particular approach. Studies

that assist in determining whether an individual is being helped by

a particular therapy might be extremely helpful by sparing the

burden of participation if no benefits are identified facilitating a

switch to other types of intervention.

Conclusions
The most effective behavioural and developmental treatments

for ASD should include interventions that address the behavioural,

social, and communication deficits associated with the disorder.

Intervention studies suffer from methodological problems that

preclude definitive conclusions regarding their efficacy. This

systematic review tried to elucidate a question regarding the

effects of behavioural and developmental approaches to ASD and

drew conclusions as to the potential effects of these interventions

based on the results of clinical trials and observational cohort

studies. Without better operational definitions of the critical

components of interventions, consistency in choice and reporting

of outcome measures, and enhanced descriptions of participant

heterogeneity, we will see few gains in understanding ‘best

practices.’

While this review suggests that Lovaas may improve some core

symptoms of ASD compared to special education, these findings

are based on pooling outcomes from a few, methodologically weak

studies with few participants and relatively short-term follow-up.

As no definitive behavioural or developmental intervention

improves all symptoms for all individuals with ASD, it is

recommended that clinical management be guided by individual

needs and availability of resources. Future studies on the

effectiveness of these interventions need to be more rigorous.
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Further, the evidence needs to be interpreted in light of the study

populations, characteristics and application of the interventions,

outcomes examined, and methodological quality. Over the long

term, providing more rigorous evidence for interventions for

children with ASD will contribute to positive outcomes for this

population, enabling these individuals to contribute more

effectively to the social and economic life of their communities.

The past 40 years have seen many gains in the quality and

quantity of intervention research for individuals with ASD.

Research in this area has provided hope for many families and

provided evidence that many individuals can learn and develop

beyond earlier expectations. This systematic review summarizes

this research and elucidates the many areas in which we have

much to learn.

Supporting Information

Supplement S1 Complete literature search strategy

Found at: doi:10.1371/journal.pone.0003755.s001 (0.32 MB

DOC)

Supplement S2 List of excluded studies

Found at: doi:10.1371/journal.pone.0003755.s002 (0.39 MB

DOC)

Acknowledgments

We thank the Alberta Research Centre for Health Evidence and the

Department of Pediatrics at the University of Alberta for internal support.

We thank the following authors of primary studies who provided

information regarding their studies: Dr. Terry Oberton Ed.D., University

of Texas Pan American, Edinburg (TX); Dr. Kate Sofronoff, Ph.D.,

University of Queensland, Brisbane (Australia); and Dr. Paul J. Yoder,

Ph.D., Vanderbilt University, Nashville (TN). Many thanks to Denise

Thomson from the Cochrane Child Health field for facilitating the

collaboration between the Alberta Research Centre for Health Evidence

and the Alberta Centre for Child, Family, and Community Research.

Author Contributions

Conceived and designed the experiments: MBO BC LH VS. Performed

the experiments: MBO JKS BC MK VS. Analyzed the data: MBO JKS

LH BV. Wrote the paper: MBO JKS MK. Responded to peer reviewer

comments: MBO JKS. Conducted comprehensive literature searches: LT.

References

1. American Psychiatric Association (2000) Diagnostic and statistical manual of
mental disorders (DSM-IV-TRH). 4th edition, Text revision. Washington DC:

American Psychiatric Association.

2. World Health Association (1993) The ICD-10 classification of mental and

behaviour disorders: diagnostic criteria for research. Geneva: World Health
Organization.

3. Dempsey I, Foreman P (2001) A review of educational approaches for

individuals with autism. Int J Disabil Dev Educ 48: 103–116.

4. Fombonne E (1999) The epidemiology of autism: A review. Psychol Med 29:
769–786.

5. Centers for Disease Control and Prevention (2000) Prevalence of autism in

Brick Township, New Jersey, 1998: Community report. Atlanta: Department of

Health and Human Services.

6. Newschaffer CJ, Croen LA, Daniels J, Giarelli E, Grether JK, et al. (2007) The
epidemiology of autism spectrum disorders. Annu Rev Public Health 28:

235–258.

7. Chakrabarti S, Fombonne E (2001) Pervasive developmental disorders in
preschool children. JAMA 285: 3093–3099.

8. Canitano R (2007) Epilepsy in autism spectrum disorders. Eur Child Adolesc

Psychiatry 16: 61–66.

9. Report to the chairman and ranking minority member, subcommittee on

human rights and wellness, committee on government reform, House of
Representatives (2005) Special education: Children with autism. Washington

DC: United States Government Accountability Office.

10. Paul VR, Klin A, Cohen D, editors (2005) Handbook of autism and pervasive
developmental disorders. 3rd edition. Hoboken: John Wiley & Sons, Inc.

11. Krebs Seida J, Ospina MB, Karkhaneh M, Hartling L, Smith V, et al.
Systematic Reviews of Psychosocial Interventions for Autism: An Umbrella

Review. Dev Med Child Neurol, In press.

12. Chalmers TC, Smith H, Blackburn B, Silverman B, Schroeder B, et al. (1981)
A method for assessing the quality of a randomized controlled trial. Control

Clin Trials 2: 31–49.

13. Detsky AS, Naylor CD, O’Rourke K, McGeer AJ, L’Abbe KA, et al. (1992)

Incorporating variations in the quality of individual randomized trials into
meta-analysis. J Clin Epidemiol 45: 255–265.

14. Smith T, Scahill L, Dawson G, Guthrie D, Lord C, et al. (2007) Designing

research studies on psychosocial interventions in autism. J Autism Dev Disord
37: 354–366.

15. Wells GA, Shea B, O’Connell D, Peterson J, Welch V, et al. (2005) The

Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised

studies in meta-analyses. Available: http://www.ohri.ca/programs/clinical_
epidemiology/oxford.htm. Accessed 2005 Aug 15.

16. Tooth L, Ware R, Bain C, Purdie DM, Dobson A (2005) Quality of reporting

of observational longitudinal research. Am J Epidemiol 161: 280–288.

17. Des Jarlais D, Lyles C, Crepaz N, the TREND Group (2004) Improving the
reporting quality of nonrandomized evaluations of behavioral and public health

interventions: the TREND statement. Am J Public Health 94: 361–366.

18. Scottish Intercollegiate Guidelines Network (2004) Methodology checklists 3:

cohort studies. Available: http://www.sign.ac.uk/methodology/checklists.
html. Accessed 2007 May 1.

19. Schulz KF, Chalmers I, Hayes RJ, Altman DG (1995) Empirical evidence of

bias: dimensions of methodological quality associated with estimates of
treatment effects in controlled trials. JAMA 273: 408–412.

20. Altman D, Schulz K (2001) Concealing treatment allocation in randomised

trials. BMJ 326: 446–447.

21. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJM (1996) Assessing

the quality of reports of randomized clinical trials: is blinding necessary?

Control Clin Trials 17: 1–12.

22. Moher D, Pham B, Jones A, Cook D, Deborah J (1998) Does quality of reports

of randomised trials affect estimates of intervention efficacy reported in meta-

analyses? Lancet 352: 609–613.

23. Cho MK, Bero LA (1996) The quality of drug studies published in symposium

proceedings. Ann Intern Med 124: 485–489.

24. Roberts JMA, Prior M (2006) A review of the research to identify the most

effective models of practice in early intervention of children with autism

spectrum disorders. Australia: Australian Government Department of Health

and Ageing.

25. National Research Council (2001) Educating children with autism. Committee

on educational interventions for children with autism. In: Lord C, McGee JP,

eds. Division of Behavioral and Social Sciences and Education. Washington

DC: National Academy Press.

26. Prizant BM, Wetherby AM (1998) Understanding the continuum of discrete-

trial traditional behavioral to social-pragmatic developmental approaches in

communication enhancement for young children with autism/PDD. Semin

Speech Lang 19: 329–353, 424.

27. Hedges LV, Olkin I (1985) Statistical methods for meta-analysis. London:

Academic Press.

28. Cohen J (1988) Statistical power analysis for the behavioral sciences. 2nd

edition. New York: Academic Press.

29. Deeks JJ, Altman DG, Bradburn MJ (2001) Statistical methods for examining

heterogeneity and combining results from several studies in meta-analysis. In:

Egger M, Smith GD, Altman DG, eds. Systematic reviews in health care: meta-

analysis in context. 3rd edition. London: BMJ Publishing Group. pp 285–312.

30. Higgins JPT, Thompson SG, Deeks JJ, Altman DG (2003) Measuring

inconsistency in meta-analyses. BMJ 327: 557–560.

31. Bauer S, Lambert MJ, Nielsen SL (2004) Clinical significance methods: a

comparison of statistical techniques. J Pers Assess 82: 60–70.

32. Aldred C, Green J, Adams C (2004) A new social communication intervention

for children with autism: pilot randomised controlled treatment study

suggesting effectiveness. J Child Psychol Psyc 45: 1420–1430.

33. Andrews E, Decker J, Boswell B (1998) From the field: stimulus prompting of

children with autism. Clin Kinesiol 52: 12–17.

34. Andrews SM (2005) Increasing game playing skills and social comprehension in

school-aged children with autism using social stories. Dissert Abst Int B:

Sciences and Engineering 65(10-B): 5386.

35. Bader R (2006) Using social stories to increase emotion recognition and

labeling in school-age children with autism [dissertation]. San Diego: Alliant

International University.

36. Berg HP (2002) Remediating cognitive perspective-taking in children with

autism [dissertation]. New York: Columbia University Teachers College.

37. Bettison S (1996) The long-term effects of auditory training on children with

autism. J Autism Dev Disord 26: 361–374.

38. Bolte S, Hubl D, Feineis-Matthews S, Prvulovic D, Dierks T, et al. (2006) Facial

affect recognition training in autism: can we animate the fusiform gyrus? Behav

Neurosci 120: 211–216.

Review: Autism Interventions

PLoS ONE | www.plosone.org 29 November 2008 | Volume 3 | Issue 11 | e3755



39. Collier D, Reid G (1987) A comparison of two models designed to teach autistic

children a motor task. Adapt Phys Act Q 4: 226–236.

40. Drew A, Baird G, Baron-Cohen S, Cox A, Slonims V, et al. (2002) A pilot

randomised control trial of a parent training intervention for pre-school

children with autism: preliminary findings and methodological challenges. Eur

Child Adoles Psy 11: 266–272.

41. Dugan KT (2006) Facilitating independent behaviors in children with autism

employing picture activity schedules. Teaneck: Fairleigh Dickinson University.

42. Edelson SM, Arin D, Bauman M, Lukas SE, Rudy JH, et al. (1999) Auditory

integration training: a double-blind study of behavioral and electrophysiolog-

ical effects in people with autism. Focus Autism Other Dev Disabil 14: 73–81.

43. Edelson SM, Edelson MG, Kerr DC, Grandin T (1999) Behavioral and

physiological effects of deep pressure on children with autism: a pilot study

evaluating the efficacy of Grandin’s Hug machine. Am J Occup Ther 53:

145–152.

44. Escalona A, Field T, Singer-Strunck R, Cullen C, Hatshorn K (2001)

Improvements in the behavior of children with autism following massage

therapy. J Autism Dev Disord 31: 513–516.

45. Escalona A, Field T, Nadel J, Lundy B (2002) Brief report: imitation effects on

children with autism. J Autism Dev Disord 32: 141–144.

46. Feinberg MJ (2002) Using social stories to teach specific social skills to

individuals diagnosed with autism. Dissert Abst Int B: Sciences and

Engineering 62: 3797.

47. Field T, Lasko D, Mundy P, Henteleff T, Kabat S, et al. (1997) Brief report:

autistic children’s attentiveness and responsivity improve after touch therapy.

J Autism Dev Disord 27: 333–338.

48. Field T, Field T, Sanders C, Nadel J (2001) Children with autism display more

social behaviors after repeated imitation sessions. Autism 5: 317–323.

49. Golan O, Baron-Cohen S (2006) Systemizing empathy: teaching adults with

Asperger syndrome or high-functioning autism to recognize complex emotions

using interactive multimedia. Dev Psychopathol 18: 591–617.

50. Harris SL, Wolchik SA, Milch RE (1982) Changing the speech of autistic

children and their parents. Child Fam Behav Ther 4: 151–173.

51. Harrison JR, Barabasz AF (1991) Effects of restricted environmental

stimulation therapy on the behavior of children with autism. Child Stud J

21: 153–166.

52. Heimann M, Laberg KE, Nordoen B (2006) Imitative interaction increases

social interest and elicited imitation in non-verbal children with autism. Infant

Child Dev 15: 297–309.

53. Hilton JC (2005) Communication skills of young children diagnosed with

autism: comparative effectiveness of applied behavior analysis and develop-

mental, individual-difference, relationship-based interventions [dissertation].

Harrisonburg: James Madison University.

54. Jarusiewicz B (2002) Efficacy of neurofeedback for children in the autistic

spectrum: a pilot study. J Neurother 6: 39–49.

55. Jocelyn LJ, Casiro OG, Beattie D, Bow J, Kneisz J (1998) Treatment of

children with autism: a randomized controlled trial to evaluate a caregiver-

based intervention program in community day-care centers. J Dev Behav

Pediatr 19: 326–334.

56. Kalyva E, Avramidis E (2005) Improving communication between children

with autism and their peers through the ‘‘Circle of Friends’’: a small-scale

intervention study. J Appl Res Intellect 18: 253–261.

57. Kasari C, Freeman S, Paparella T (2006) Joint attention and symbolic play in

young children with autism: a randomized controlled intervention study. J Child

Psychol Psyc 47: 611–620.

58. Koegel RL, Bimbela A, Schreibman L (1996) Collateral effects of parent

training on family interactions. J Autism Dev Disord 26: 347–359.

59. Lanquetot R (1989) The effectiveness of peer modeling with autistic children.

J Multihand Pers 2: 25–34.

60. Moore M, Calvert S (2000) Brief report: vocabulary acquisition for children

with autism: teacher or computer instruction. J Autism Dev Disord 30:

359–362.

61. Mudford OC, Cross BA, Breen S, Cullen C, Reeves D, et al. (2000) Auditory

integration training for children with autism: no behavioral benefits detected.

Am J Ment Retard 105: 118–129.

62. Nelson DL, Gergenti E, Hollander AC (1980) Extra prompts versus no extra

prompts in self-care training of autistic children and adolescents. J Autism Dev

Disord 10: 311–321.

63. Openden DA (2005) Pivotal response treatment for multiple families of children

with autism: probable efficacy and effectiveness of a group parent education

workshop [dissertation]. Santa Barbara: University of California.

64. Quirmbach LM (2006) Social stories: mechanisms of effectiveness in increasing

social skills, social skill comprehension, generalization and maintenance of

newly acquired skills in school-aged children diagnosed with autism

[dissertation]. San Diego: Alliant International University.

65. Rimland B, Edelson SM (1995) Brief report: a pilot study of auditory

integration training in autism. J Autism Dev Disord 25: 61–70.

66. Sallows GO, Graupner TD (2005) Intensive behavioral treatment for children

with autism: four-year outcome and predictors. Am J Ment Retard 110:

417–438.

67. Saraydarian KA (1994) Simultaneous referent recognition-production training

for nonverbal children with autism [dissertation]. New York: Columbia

University Teachers College.

68. Sherman J, Barker P, Lorimer P, Swinson R, Factor DC (1988) Treatment of

autistic children: relative effectiveness of residential, out-patient and home-

based interventions. Child Psychiat Hum D 19: 109–125.

69. Silver M, Oakes P (2001) Evaluation of a new computer intervention to teach

people with autism or asperger syndrome to recognize and predict emotions in

others. Autism 5: 299–316.

70. Smith DE, McConnell JV, Walter TL, Miller SD (1985) Effect of using an

auditory trainer on the attentional, language, and social behaviors of autistic

children. J Autism Dev Disord 15: 285–302.

71. Smith T, Groen AD, Wynn JW (2000) Randomized trial of intensive early

intervention for children with pervasive developmental disorder. Am J Ment

Retard 105: 269–285 [erratum appears in Am J Ment Retard 2000; 105: 508].

72. Sofronoff K, Attwood T, Hinton S (2007) A randomized controlled trial of a

cognitive behavioural intervention for anger management in children

diagnosed with Asperger syndrome. J Autism Dev Disord 37: 1203–1214.

73. Sofronoff K, Attwood T, Hinton S (2005) A randomised controlled trial of a

CBT intervention for anxiety in children with Asperger syndrome. J Child

Psychol Psyc 46: 1152–1160.

74. Sofronoff K, Farbotko M (2002) The effectiveness of parent management

training to increase self-efficacy in parents of children with Asperger syndrome.

Autism 6: 271–286.

75. Solomon M, Goodlin-Jones BL, Anders TF (2004) A social adjustment

enhancement intervention for high functioning autism, Asperger’s syndrome,

and pervasive developmental disorder NOS. J Autism Dev Disord 34: 649–668.

76. Suedfeld P, Schwartz G (1983) Restricted environmental stimulation therapy

(REST) as a treatment for autistic children. J Dev Behav Pediatr 4: 196–201.

77. Tonge B, Brereton A, Kiomall M, MacKinnon A, King N, et al. (2006) Effects

on parental mental health of an education and skills training program for

parents of young children with autism: a randomized controlled trial. J Am

Acad Child Adolesc Psychiatry 45: 561–569.

78. Wang P (2005) Effects of a parent training program for teaching children with

autism in the people’s Republic of China [dissertation]. New York: Columbia

University.

79. White SJ (2000) The effects of feedback on learning in discrete trial teaching of

children with autism [dissertation]. Stockton: University of the Pacific.

80. Williams C, Wright B, Callaghan G, Coughlan B (2002) Do children with

autism learn to read more readily by computer assisted instruction or

traditional book methods? a pilot study. Autism 6: 71–91.

81. Yoder P, Stone WL (2006) A randomized comparison of the effect of two

prelinguistic communication interventions on the acquisition of spoken

communication in preschoolers with ASD. J Speech Lang Hear Res 49:

698–711.

82. Yoder PJ, Layton TL (1988) Speech following sign language training in autistic

children with minimal verbal language. J Autism Dev Disord 18: 217–229.

83. Zifferblatt SM, Burton SD, Horner R, White T (1977) Establishing

generalization effects among autistic children. J Autism Child Schiz 7:

337–347.

84. Beckloff DR (1997) Filial therapy with children with spectrum pervasive

development disorders [dissertation]. Denton: University of North Texas.

85. Bernard-Opitz V, Ing S, Kong TY (2004) Comparison of behavioural and

natural play interventions for young children with autism. Autism 8: 319–333.

86. Birnbrauer JS, Leach DJ (1993) The Murdoch Early Intervention program

after 2 years. Behav Change 10: 63–74.

87. Carr D, Felce J (2007) The effects of PECS teaching to hase III on the

communicative interactions between children with autism and their teachers.

J Autism Dev Dis 37: 724–737.

88. Cohen H, Amerine-Dickens M, Smith T (2006) Early intensive behavioral

treatment: replication of the UCLA model in a community setting. J Dev Behav

Pediatr 27: S145–155.

89. Eagle R (2006) Examining factors that affect social behavior among children

with autism spectrum disorders [dissertation]. Binghamton: State University of

New York.

90. Eikeseth S, Smith T, Jahr E, Eldevik S (2002) Intensive behavioral treatment at

school for 4- to 7-year-old children with autism: a 1-year comparison controlled

study. Behav Modif 26: 49–68.

91. Elliott RO Jr, Hall K, Soper HV (1991) Analog language teaching versus

natural language teaching: generalization and retention of language learning

for adults with autism and mental retardation. J Autism Dev Disord 21:

433–447.

92. Greer-Paglia K (2006) Examining the effects of creative dance on social

competence in children with autism: a hierarchical linear growth modeling

approach. Boston: Harvard University.

93. Harris SL, Handleman JS, Kristoff B, Bass L, Gordon R (1990) Changes in

language development among autistic and peer children in segregated and

integrated preschool settings. J Autism Dev Disord 20: 23–31.

94. Howard JS, Sparkman CR, Cohen HG, Green G, Stanislaw H (2005) A

comparison of intensive behavior analytic and eclectic treatments for young

children with autism. Res Dev Disabil 26: 359–383.

95. Howlin P (1981) The results of a home-based language training programme

with autistic children. Brit J Disord Commun 16: 73–88.

96. Hung DW, Rotman Z, Cosentino A, MacMillan M (1983) Cost and

effectiveness of an educational program for autistic children using a systems

approach. Educ Treat Child 6: 47–68.

Review: Autism Interventions

PLoS ONE | www.plosone.org 30 November 2008 | Volume 3 | Issue 11 | e3755



97. Jelveh M (2003) A play-based treatment model for improving the social play
development of children with autism spectrum disorder. Dissert Abst Int A:

Humanities and Social Sciences 64: 397.

98. Lopata C, Thomeer ML, Volker MA, Nida RE (2006) Effectiveness of a

cognitive-behavioral treatment on the social behaviors of children with
Asperger disorder. Focus Autism Other Dev Disabil 21: 237–244.

99. Lovaas OI (1987) Behavioral treatment and normal educational and

intellectual functioning in young autistic children. J Consult Clin Psychol 55:
3–9.

100. Luce JB (2003) The effects of sensory motor therapy on the stereotypic
movements of children with disorders on the autistic spectrum. Dissert Abst Int

B: Sciences and Engineering 64: 1524.

101. Macalpine ML (1999) Play in autism: the power of microdevelopment. Dissert

Abst Int B: Sciences and Engineering 59: 5593.

102. Mason MA (2005) Effects of therapeutic riding in children with autism

[dissertation]. Minneapolis: Capella University.

103. McConachie H, Randle V, Hammal D, Le Couteur A (2005) A controlled trial

of a training course for parents of children with suspected autism spectrum
disorder. J Pediatr 147: 335–340.

104. Oxman J, Konstantareas MM, Liebovitz-Bojm SF (1979) Simultaneous
communication training and vocal responding in nonverbal autistic and

autistic-like children. Int J Rehabil Res 2: 394–396.

105. Ozonoff S, Cathcart K (1998) Effectiveness of a home program intervention for
young children with autism. J Autism Dev Disord 28: 25–32.

106. Ozonoff S, Miller JN (1995) Teaching theory of mind: a new approach to social
skills training for individuals with autism. J Autism Dev Disord 25: 415–433.

107. Panerai S, Ferrante L, Zingale M (2002) Benefits of the treatment and
education of autistic and communication handicapped children (TEACCH)

programme as compared with a non-specific approach. J Intell Disabil Res 46:
318–327.

108. Provencal SL (2003) The efficacy of a social skills training program for
adolescents with autism spectrum disorders. Dissert Abst Int B: Sciences and

Engineering 64: 1504.

109. Ricciardelli D (2006) A social skills program evaluation: will social stories

combine with a traditional social skills curriculum increase pro-social behavior

in autistic children?[dissertation]. Teaneck: Fairleigh Dickinson University.

110. Romano J (2002) Are social stories effective in modifying behavior in children

with autism? Dissert Abst Int 63: 1046.

111. Salt J, Shemilt J, Sellars V, Boyd S, Coulson T, et al. (2002) The Scottish

Centre for autism preschool treatment programme II: the results of a controlled
treatment outcome study. Autism 6: 33–46.

112. Shade-Monuteaux DM (2003) An innovative approach for children with
autism spectrum disorders: a preliminary outcome evaluation. Dissert Abst Int

B: Sciences and Engineering 63: 6107.

113. Stahmer AC, Gist K (2001) The effects of an accelerated parent education

program on technique mastery and child outcome. J Pos Behav Interv 3:

75–82.

114. Tsang SKM, Shek DTL, Lam LL, Tang FLY, Cheung PMP (2007) Brief

report: application of the TEEACH program on chinese pre-school children
with autism: does culture make a difference? J Autism Dev Dis 37: 390–396.

115. Van Bourgondien ME, Reichle NC, Schopler E (2003) Effects of a model
treatment approach on adults with autism. J Autism Dev Disord 33: 131–140.

116. Garcia-Villamisar D, Hughes C (2007) Supported employment improves
cognitive performance in adults with autism. J Intell Disabil Res 51: 142–150.

117. Hartshorn K, Olds L, Field T, Delage J, Cullen C, et al. (2001) Creative
movement therapy benefits children with autism. Early Child Dev Care 166:

1–5.

118. Pechous EA (2001) Young children with autism and intensive behavioral

programs: effects on the primary attachment relationship [dissertation]. Dissert
Abst Int 61: 6145.

119. Wetherby AM, Woods JJ (2006) Early social interaction project for children

with autism spectrum disorders beginning in the second year of life: a
preliminary study. Top Early Child Spec 26: 67–82.

120. Arnold CL (2003) A longitudinal re-evaluation of home-based behavioral
treatment for children with pervasive developmental disorders. Dissert Abst Int

B: Sciences and Engineering 63: 3897.

121. Bloch J, Gersten E, Kornblum S (1980) Evaluation of a language program for

young autistic children. J Speech Hear Disord 45: 76–89.

122. Eldevik S, Eikeseth S, Jahr E, Smith T (2006) Effects of low-intensity behavioral

treatment for children with autism and mental retardation. J Autism Dev Dis
36: 211–224.

123. Farrell P, Trigonaki N, Webster D (2005) An exploratory evaluation of two
early intervention programmes for young children with autism. Educ Child

Psychol 22: 29–40.

124. Fenske EC, Zalenski S, Krantz PJ, McClannahan LE (1985) Age at

intervention and treatment outcome for autistic children in a comprehensive

intervention program. Anal Interv Dev Disabil 5: 49–58.

125. Hutchison-Harris J (2004) Does first year treatment intensity predict outcome

in young autistic children receiving Lovaas ABA intervention? Dissert Abst Int
B: Sciences and Engineering 65: 2609.

126. Legoff DB, Sherman M (2006) Long-term outcome of social skills intervention
based on interactive LEGO play. Autism 10: 317–329.

127. Sheinkopf SJ, Siegel B (1998) Home-based behavioral treatment of young
children with autism. J Autism Dev Disord 28: 15–23.

128. Smith T, Eikeseth S, Klevstrand M, Lovaas OI (1997) Intensive behavioral

treatment for preschoolers with severe mental retardation and pervasive

developmental disorder. Am J Ment Retard 102: 238–249.

129. Tung R (2005) A comparison: the effects of discrete trial training on children

with autism [dissertation]. San Jose: San Jose State University.

130. Deeks JJ, Dinnes J, D’Amico R, Sowden AJ, Sakarovitch C, et al. (2003)

Evaluating non-randomised intervention studies. Health Technol Assess 7(27).

131. Kunz R, Oxman AD (1998) The unpredictability paradox: review of empirical

comparisons of randomised and non-randomised clinical trials. BMJ 317:

1185–1190.

132. McKee M, Britton A, Black N, McPherson K, Sanderson C, et al. (1999)

Methods in health services research: interpreting the evidence: choosing

between randomised and non-randomised studies. BMJ 319: 312–315.

133. Carr D, Felce J (2007) Brief report: increase in production of spoken words in

some children with autism after PECS teaching to Phase III. J Autism Dev Dis

37: 780–787.

134. Gonzalez JS (2006) Parent implementation of the developmental, individual

difference, relationship-based (DIR) program: changes in the repetitive

behaviors of children with autism. Pan American: The University of Texas.

135. Maurice C, Green G, Luce SC (1996) Behavioral intervention for young

children with autism: a manual for parents. Austin: Pro-Ed.

136. Bhogal SK, Teasell RW, Foley NC, Speechley MR (2005) The PEDro scale

provides a more comprehensive measure of methodological quality than the

Jadad Scale in stroke rehabilitation literature. J Clin Epidemiol 58: 668–673.

137. Lovaas OI (1981) Teaching developmentally disabled children: the ME book.

Austin: Pro-Ed.

138. Koegel LK, Koegel RL (1997) Variables related to differences in standardized

test outcomes for children with autism. J Autism Dev Disord 27: 233–243.

139. Whitehead WE (2004) Control groups appropriate for behavioral interventions.

Gastroenterology 126: S159–163.

140. Dwan K, Altman DG, Arnaiz JA, Bloom J, Chan AW (2008) Systematic review

of the empirical evidence of study publication bias and outcome reporting bias.

PLoS One 3: 3081.

141. Bekelman JE, Li Y, Gross CP (2003) Scope and impact of financial conflicts of

interest in biomedical research: a systematic review. JAMA 289: 456–465.

142. Smith T (1999) Outcome of early intervention for children with autism. Clin

Psychol 6: 33–49.

143. Bassett K, Green CJ, Kazanjian A (2001) Autism and Lovaas treatment: a

systematic review of effectiveness evidence. Annu Meet Int Soc Technol Assess

Health Care Int Soc Technol Assess Health Care Meet 17(20).

144. Diggle T, McConachie HR, Randle VR (2002) Parent-mediated early

intervention for young children with autism spectrum disorder. Cochrane

Database of Syst Rev (1).

145. Finch L, Raffaele C (2003) Developing expert practice Intensive behavioural

intervention for children with autism: a review of the evidence. Occupational

Therapy Now 5: 20–23.

146. Ludwig S, Harstall C (2001) Intensive intervention programs for children with

autism. Edmonton AB: Alberta Heritage Foundation for Medical Research

(AHFMR) 40.

147. McGahan L (2001) Behavioural interventions for preschool children with

autism. Ottawa ON: Canadian Coordinating Office for Health Technology

Assessment.

148. McGahan L (2001) What can a qualitative review tell us about behavioural

interventions for children with autism. Abstr Soc Neurosci 27(1).

149. Millar DC, Light JC, Schlosser RW, Millar DC, Light JC, et al. (2006) The

impact of augmentative and alternative communication intervention on the

speech production of individuals with developmental disabilities: A research

review. J Speech Lang Hear Res 49: 248–264.

150. Mirenda P (2001) Autism, augmentative communication, and assistive

technology: what do we really know?. Focus Autism Other Dev Disabl 16:

141–151.

151. Hourmanesh N (2006) Early comprehensive interventions for children with

autism: a meta-analysis. [dissertation]. Salt Lake City: The University of Utah.

152. Baranek GT (2002) Efficacy of sensory and motor interventions for children

with autism. J Autism Dev Dis 32: 397–422.

153. Reynhout G, Carter M (2006) Social stories for children with disabilities.

J Autism Dev Disord 36: 445–469.

154. Sansosti FJ, Powell-Smith KA, Kincaid D (2004) A research synthesis of social

story interventions for children with autism spectrum disorders. Focus Autism

Other Dev Disabl 19: 194–204.

155. Miller LA (2006) Interventions targeting reciprocal social interaction in

children and young adults with autism spectrum disorders: A meta-analysis.

[dissertation]. Salt Lake City: The University of Utah.

156. Davidson KW, Goldstein M, Kaplan RM, Kaufmann PG, Knatterud GL, et

al. (2003) Evidence-based behavioral medicine: what is it and how do we

achieve it? Ann Behav Med 26: 161–171.

157. Hopewell S, McDonald S, Clarke MJ, Egger M (2007) Grey literature in meta-

analyses of randomized trials of health care interventions. Cochrane Database

Syst Rev 2.

158. McAuley L, Pham B, Tugwell P, Moher D (2000) Does the inclusion of grey

literature influence estimates of intervention effectiveness reported in meta-

analysis. Lancet 356: 1228–1231.

Review: Autism Interventions

PLoS ONE | www.plosone.org 31 November 2008 | Volume 3 | Issue 11 | e3755



159. Cook DJ, Sackett DL, Spitzer WO (1995) Methodologic guidelines for

systematic reviews of randomized control trials in health care from the Postdam
Consultation on Meta-Analysis. J Clin Epidemiol 48: 167–171.

160. Moher D, Pham B, Klassen TP, Schulz KF, Berlin JA, et al. (2000) What

contributions do languages other than English make on the results of meta-
analyses? J Clin Epidemiol 53: 964–972.

161. Egger M, Zellweger-Zähner T (1997) Language bias in randomised controlled
trials published in English and German. Lancet 350: 326–329.

162. McMahon RJ (2004) The Fast Track Project. Invited address given at the

meeting of the NIH Working Group on Methodological Challenges in Autism
Treatment Research, Sacramento, CA.

163. Myers SM, Johnson CP, the Council on Children with Disabilities (2007)
Management of children with autism spectrum disorders: Guidance for the

clinician in rendering pediatric care. Pediatrics 120: 1162–1182.
164. Rogers SJ, Vismara LA (2008) Evidence-based comprehensive treatments for

early autism. J Clin Child Adolesc Psychol 37: 8–38.

165. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, et al. (2007)
Strengthening the reporting of observational studies in epidemiology

(STROBE) statement: guidelines for reporting observational studies. BMJ
335: 806–808.

166. Eikeseth S, Smith T, Jahr E, Eldevik S (2007) Outcome for children with

autism who began intensive behavioral treatment between ages 4 and 7: a

comparison controlled study. Behav Modif 31: 264–278.

167. McEachin JJ, Smith T, Lovaas OI (1993) Long-term outcome for children with

autism who received early intensive behavioral treatment. Am J Ment Retard

97: 359–372; discussion 373–391.

168. Layton TL (1988) Language training with autistic children using four different

modes of presentation. J Commun Disord 21: 333–350.

169. Sofronoff K, Leslie A, Brown W (2004) Parent management training and

Asperger syndrome: a randomized controlled trial to evaluate a parent based

intervention. Autism 8: 301–317.

170. Cantu Y (2007) Increasing social interaction skills in children with autism

spectrum disorder through parent implementation of the developmental,

individual difference, relationship-based (DIR) program. Pan American: The

University of Texas.

171. Yoder P, Stone WL (2006) Randomized comparison of two communication

interventions for preschoolers with autism spectrum disorders. J Consult Clin

Psychol 74: 426–435.

Review: Autism Interventions

PLoS ONE | www.plosone.org 32 November 2008 | Volume 3 | Issue 11 | e3755


